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HEADACHE is probably the most common untoward
complication of spinal puncture. August Bier suf-
fered a severe headache following his submission to
the first attempt to produce spinal anesthesia in man
in 1898. The incidence of headache following spinal
puncture seems to vary little whether or not the
puncture is followed by the injection of an anesthetic
agent. Babcock,5 in 1913, reported an incidence of
headache of 21 per cent in 5,000 cases. Koster and
Weintrob,25 in 1930, reported postspinal puncture
headache in 10 per cent of 6,000 patients who re-
ceived spinal anesthesia. Woodbridge,43 in 1937, re-
ported a 4 per cent incidence of spinal puncture
headache in 1,381 patients. Jennings21 reported 30.6
per cent in 1939, while Hingson, Ferguson and Pal-
mer,19 in 1943, reported an incidence of only 1 per
cent in 5,150 cases. Although there is wide variation
in the reported incidence of headache following
spinal puncture, the majority of the recent reports
indicate that the incidence is probably between 10
and 20 per cent.2' 4,10,12, 15, 39, 40

Recently the authors made a study of a series of
515 consecutive cases in which spinal anesthesia was
employed, with the idea of determining the incidence
of spinal puncture headache. No attempt was made
to direct the patient's attention away from the possi-
bility of headache following anesthesia. In fact, each
patient was told that headache was a common sequel

* Headache is fhe commonest complication of
spinal puncture. There is no significant differ-
ence in the incidence of headache after lumbar
puncture, whether or not the puncture is fol-
lowed by injection of an anesthetic agent. The
sequence of events leading to postlumbar punc-
ture headaches is probably (1) decreased vol-
ume of cerebrospinal fluid with /owered pres-
sure; (2) increased differential between the
pressure of the cerebrospinal fluid and the in-
tracranial venous pressure; (3) dilation of
venous structures with increase in brain volume;
and (4) production of tension on the pain sensi-
tive areas in the cranium.

Prevention of postlumbar puncture headache
consists largely in attempts to avoid the devel-
opment of the pressure differential between
that of the cerebrospinal fluid and intracranial
venous pressure. Treatment consists of analge-
sics, hydration and attempts to restore normal
cerebrospinal fluid pressure.

of spinal puncture. Each was then asked specifically if
he did have a headache after operation. Even though
the question was "leading," the answers obtained
indicated that the incidence was almost the same as
that commonly reported. Furthermore, contrary to
a previous assumption, early ambulation after opera-
tion apparently did not materially increase the num-
ber of postspinal puncture headaches. There seemed
to be an appreciably greater incidence of postpunc-
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TABLE 1.-Headache following spinal anesthesia

1-Posuspinal headaches her headaches, -A headaches
Type Number Number Per cent Number Per cent Number Per cent
Spinal .---------- 291 17 5.8 8 2.7 25 8.6
Continuous spinal........... 224 21 9.4 10 4.5 31 13.9
Total ........... 515 38 7.4 18 3.5 56 10.8

ture headaches, however, when the agent was admin-
istered by the continuous or fractional technique
(Table 1).
Not all headaches complained of following a

spinal puncture can be considered to be postpuncture
headaches. Headaches unaffected by postural changes
and described by the patient as similar to those they
have been subject to were not considered to be true
postspinal puncture headaches. In the present series
the final judgment as to whether the discomfort was
a new development or merely the recurrence of a
chronic malady was left to the patient.

For many years postspinal puncture headache has
been considered to be related to changes in cere-
brospinal hydrodynamics. Most observers have
ascribed these headaches to lowered intracranial
pressure,2' 20, 28, 29, 33, 37, 42 although a few have
noted that they may be associated with increased
pressure.17' 23

With the patient in the horizontal position, intra-
cranial (vertex) pressure is usually the same as
lumbar and cisternal pressure. Intracranial pressure
usually varies from 50 to 180 mm. of mercury. With
the patient erect, lumbar pressure may be as high as
300 to 500 mm. of mercury while the intracranial
pressure may drop to +40 or even to -85 mm. of
pressure. On occasions it may even reach -300 mm.
of mercury.42 Changes in cerebrospinal fluid pres-
sure probably closely parallel changes in venous
pressure in the normal subject, although the cerebro.
spinal fluid pressure is usually somewhat higher than
the venous pressure at any given level.

Wolff42 demonstrated that there are certain sensi-
tive structures in the cranium the stimulation of
which will produce pain. The pain produced by the
stimulation of these regions may be interpreted by
the subject as headache. Demonstration of these
pain-sensitive areas was carried out on human beings
undergoing intracranial surgical procedures under
local anesthesia. The principal structures found to
be pain-sensitive are: (1) the great venous sinuses,
(2) the venous tributaries to the sinuses, (3) parts
of the dura near the base of the brain, (4) dural
arteries and (5) cerebral arteries at the base of the
brain. The afferent nerve pathways for pain from
these areas are by way of the fifth nerve for all those
structures above the tentorium, while subtentorial
pain is transmitted largely through the ninth and
tenth nerves. Some of the pain, low in the subocciput,
possibly is transmitted by the upper cervical nerves.

Pain caused by stimulation of pain-sensitive areas
above the tentorium is referred to the head anterior
to the ears and in the region of the eyes, while pain
posterior to the ears and in the subocciput is prob-
ably from stimulation of sensitive areas below the
tentorium.

Drainage headache is a well established clinical
entity. The universal complaint of headache, usually
very severe, during the course of encephalography
under local anesthesia is evidence of the syndrome
of drainage headache. It is a common observation
that headache of this kind develops quite early in the
procedure when only a small amount of fluid has
been removed. Wolff42 produced headache experi-
mentally in 11 subjects by the drainage of cerebro-
spinal fluid and found that headache developed usu-
ally when about 20 cc. of fluid had been removed.
The headache became worse as more fluid was with-
drawn and could be relieved in all subjects by re-
storing the cerebrospinal fluid pressure to its pre-
vious value. These experimentally produced drain-
age headaches as well as the headache that is a sequel
to encephalography are in every way comparable to
the headache that may follow spinal anesthesia or
diagnostic lumbar puncture. Wolff stated that head-
ache probably will start when approximately 10 per
cent of the estimated total volume of cerebrospinal
fluid is removed.

Although the overwhelming majority of the evi-
dence seems to favor the hypothesis that the most
important factor in the production of postlumbar
puncture headache is the lowering of the cerebro-
spinal fluid pressure, other possible contributing fac-
tors must be considered.

Irritation of the pia-arachnoid by the anesthetic
agent has been suggested as a possible cause of
postspinal anesthetic headache. This seems unlikely,
considering the very high dilution of the agent in
the cerebrospinal fluid and the usual lack of a sig-
nificant rise in protein content and cell count of the
cerebrospinal fluid following spinal anesthesia.6' 8, 24
At operations involving opening of the dura follow-
ing spinal anesthesia, seldom is any evidence of dural
or meningeal irritation observed. Furthermore, the
incidence of headache following diagnostic lumbar
puncture is usually reported as high as that follow-
ing spinal anesthesia.

Meningitis undoubtedly can cause severe head-
ache, but only on very rare occasions could this be
considered a cause of postpuncture headache. Other
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symptoms of meningitis would probably be so evi-
dent as to leave little doubt as to whether this was
the principal etiologic factor in a particular case.

Weintraub, Antine and Raphael40 suggested that
the decrease in intra-abdominal pressure after deliv-
ery is an important factor in the production of post-
puncture headache when spinal anesthesia is used in
obstetrics. They postulated that the pooling of the
blood in the splanchnic vessels after the sudden re-
lease of intra-abdominal pressure lowers the pressure
in the intracranial veins, permitting the brain to sag
as some of its basilar cushion is lost. They advocated
the use of tight abdominal binders as an aid in the
correction of this imbalance in the intracranial cir-
culation. They expressed belief that the increased
return of blood following abdominal compression
increases the pressure in the right auricle, which is
transmitted by the jugular veins to the cerebral ves-
sels. A possible additional mechanism whereby tight
abdominal binders might contribute to restoration
of proper balance to the intracranial circulation is
suggested by the work of Batson.7 He demonstrated
that the current of the flow of blood in the vertebral
plexus of veins can be reversed by increased intra-
abdominal pressure.

Although there is experimental evidence to the
effect that even pronounced increase in intracranial
pressure usually does not cause headache,42 certain
clinical observations seem to indicate that at times
increased intracranial pressure may be a factor in
the production of headache. Hand17 observed that
some patients in whom headache developed inciden-
tal to repeated subarachnoid injections of ammo-
nium sulfate for the relief of intractable pain had
increased intracranial pressure. It is not uncommon
for patients to complain of transitory headache
occurring at the time of injection of the spinal anes-
thetic agent when large volumes (10 to 20 cc.),
such as are used with the Howard-Jones technique
for Nupercaine, are employed.

In spite of the fact that other factors may be
present and at times contribute to postspinal punc-
ture headache, it must be concluded that in most
instances this complication is related to a lowering
of the cerebrospinal fluid pressure owing to a re-
duced volume of fluid. Obviously, this decrease in
cerebrospinal fluid volume could be caused by a de-
crease in the fluid output or by leakage of the fluid
after it is formed. There seems little doubt that it is
the result of leakage through the hole left in the
dura by the spinal puncture needle. There is ample
evidence that this hole remains for several days after
spinal puncture.2' 13, 32,34 Mixter32 noted that the
hole made by the spinal needle in the dura was pres-
ent at operation six days after spinal puncture.
Franksson and Gordh12 observed the hole still patent
as late as 14 days after spinal puncture. The negative
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pressure reported to exist in the epidural space could
be a factor contributing to the lowering of cerebro-
spinal fluid volume because of a hole in the dura.
The incidence of failure in attempts to produce
spinal anesthesia within the first few days after
spinal puncture is notoriously high. In one case
observed by the authors, three successive unsuccess-
ful attempts were made to induce spinal anesthesia
for the removal of a ruptured intervertebral disk.
The anesthetic agent was given approximately 48
hours after myelography. Even though a free flow of
cerebrospinal fluid was obtained with each attempt,
no more than a few scattered areas of patchy anes-
thesia in the thighs and lower trunk could be induced.
General anesthesia was induced, and at operation a
large collection of epidural fluid was noted, and it
was observed that the anterior and posterior walls
of the dura were practically in apposition. Undoubt-
edly it was into this fluid-containing epidural space
that the anesthetic agent was injected.

Further evidence that lowering of cerebrospinal
fluid pressure is the prime etiologic factor in the pro-
duction of postspinal puncture headache is the fact
that measures which restore the volume of cerebro-
spinal fluid tend to relieve the headache. Injection of
normal saline solution into the subarachnoid space is
always followed by relief.2 The intravenous injection
of hypotonic solution is reported3 37 to be helpful.
On the other hand, hypertonic solutions given intra-
venously tend to increase the symptoms.30
The intensity of postspinal puncture headache is

increased by bilateral jugular compression. This oc-
curs in spite of the well known fact that this proce-
dure is accompanied by a substantial rise in cerebro-
spinal fluid pressure. Jugular compression, in addi-
tion to causing a secondary rise in cerebrospinal
fluid pressure, results in an earlier primary rise in
intracranial venous pressure. This increase in symp-
toms with jugular compression undoubtedly is the
result of stimulation of the pain-sensitive areas by
distention of veins and perhaps by an increase in
volume of the brain. This increase in symptoms from
jugular compression is difficult to reconcile with the
benefits derived from the use of tight abdominal
binders, reported by Weintraub, Antine and Ra-
phael.40

It seems likely that postspinal puncture headache
is caused by the stimulation of the pain-sensitive
areas in the cranium that are concerned with anchor-
ing the brain to the cranial vault. The chain of events
leading to stimulation of these pain-sensitive areas
may be as follows: (1) lowering of the cerebrospinal
fluid pressure due to decreased volume, (2) produc-
tion of a greater differential between the cerebro-
spinal fluid pressure and the intracranial venous
pressure, bringing about (3) dilation of the venous
structures and perhaps some increase in brain vol-
ume because of the venous dilation and edema.
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What are the characteristic features of drainage
or postspinal puncture headache? The headache
occurs as a sequel to spinal puncture at varying inter-
vals, from a few hours to several days. The headache
may be mild but is frequently a dull, deep ache. It is
usually not, but on occasions may be, throbbing. It
is more often frontal but may be occipital, suboccipi-
tal or bitemporal. A small proportion of patients
complain of pain or stiffness at the nape of the neck.

Characteristics of postspinal puncture headache
which would seem to indicate that it is due to stimu-
lation of the pain-sensitive areas as a result of lower-
ing of cerebrospinal fluid pressure are: (1) the head-
ache is relieved by intraspinal injection of physio-
logic saline solution in amounts sufficient to restore
spinal fluid volume, (2) the headache is more severe
when the patient is in the erect position, (3) it is
usually relieved or made much milder when the hori-
zontal position is assumed, (4) shaking of the head
increases the severity of the headache and (5) the
headache is made worse by jugular compression.

PREVENTION

Although it is difficult to evaluate the benefits
of each measure designed to decrease the incidence
of postspinal puncture headache, other than the ob-
vious one of using some other kind of anesthesia, the
adoption of certain measures would seem reasonable,
even though it cannot be said that strict adherence
to any one or all of them will prevent postspinal
puncture headache.

It is well known that anyone's reaction to discom-
fort related to the head is in no way different from
his reaction to pain in other parts of the body. It
is probably wise to select some other form of anes-
thesia for patients who have a history of severe head-
aches or who are obviously likely to react poorly to
pain of any type. Furthermore, except for very un-
usual reasons, spinal anesthesia should not be se-
lected for patients who have a history of headache
following a previous spinal puncture. However, the
authors' investigations indicated that the history of a
headache following spinal anesthesia does not mean
that subsequent spinal anesthesia will necessarily be
followed by a headache. Conversely, freedom from
headache after one spinal puncture is not a guaran-
tee of permanent immunity.

Anything that tends to reduce the leakage of spinal
fluid from the subarachnoid space after spinal punc-
ture would be expected to decrease the incidence of
spinal puncture headache. There has been a tendency
to use smaller and smaller spinal puncture needles.
Cann and Wycoff9 reported upon a series in which
a 27 gauge needle was used for spinal anesthesia in
an attempt to reduce the number of cases of post-
spinal puncture headache. The incidence of head-
aches with this small needle was approximately 5

per cent. Greene15 (1949) reported a decrease in the
incidence of headache following spinal anesthesia
employed for vaginal delivery when he changed from
a 22 gauge to a 24 gauge needle. More recently14
(1950) he advocated the use of a 26 gauge needle
and noted a decrease in the incidence of postspinal
headache from 22 per cent to 0.4 per cent in 700
patients. Recently Whitacre41 advocated the use of
a needle with a point resembling that of a pencil.
This needle is designed to separate dural fibers
rather than sever them. He reported a significant
decrease in the incidence of postspinal headache
when this needle was used. Maxson31 suggested that
the bevel of the needle should be parallel with the
long axis of the body so that there will be a tendency
to separate fibers of the dura rather than to cut them
in two. Franksson and Gordh12 counted dural fibers
severed with the needle point and noted fewer fibers
cut when the bevel was held parallel to the long axis
of the patient.

If the patient is held very quiet during the spinal
puncture the danger of a dural tear is probably less-
ened. The approximately 50 per cent greater inci-
dence of headache in the present series when the
continuous technique was employed (Table 1) would
seem to lend support to this assumption. It seems
likely that movements of the vertebral column inci-
dental to turning the patient into position with a
needle in the subdural space would tend to enlarge
the dural opening. Furthermore, an increased inci-
dence of postpuncture headache might be expected
if more than one puncture is made.
The insistence that patients be kept in the horizon-

tal position without a pillow for a given length of
time after operation probably is of little value in the
prevention of postpuncture headaches.' Apparently
the patient who will develop a headache following
spinal puncture will do so irrespective of whether or
not he is kept flat in bed for 24 to 48 hours following
spinal puncture. This is understandable in light of
the long time the opening made in the dura by the
spinal needle remains patent.

Kaplan and Arrowood22 reported a significant de-
crease in the incidence of postspinal headache when
they injected 10 to 20 cc. of physiologic saline
solution into the epidural space immediately follow-
ing the injection of the anesthetic agent. After the
agent was injected they merely withdrew the spinal
puncture needle until the point was in the epidural
space, then injected the saline solution before remov-
ing the needle. They explained this benefit on the the-
ory that a head of pressure in the epidural spaces
prevents leakage until the hole can be sealed by a
fibrin clot or by the pia-arachnoid.

Increased fluid intake following spinal puncture
might be expected to be of both prophylactic and
therapeutic value. Recently the authors instituted the
practice of administering intravenously 1,000 cc. of
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5 per cent dextrose in water to all patients receiving
spinal anesthesia except when such a procedure is
contraindicated for some medical reason. This is
started in the operating room and is done regardless
of how minor the surgical procedure. Although suffi-
cient -data are not as yet available, the impression
thus far is that the incidence of postspinal puncture
headaches has been materially decreased since this
regimen has been followed.

TREATMENT OF POSTPUNCTURE HEADACHE

The treatment of this most distressing complica-
tion still leaves much to be desired. Fortunately,
most postspinal puncture headaches are mild and
respond well to ordinary analgesics, such as aspirin.

Pituitrin has been used both prophylactically and
therapeutically for postspinal puncture headache,
probably with the idea of decreasing fluid excretion,
but its value is questionable.3' 15, 32, 33 37 Caffeine
sodium benzoate has been used more or less em-
pirically for years. The effectiveness of this drug is
likewise doubtful.

Deutsch"1 reported encouraging results following
intravenous infusion of 5 per cent ethyl alcohol in 5
per cent dextrose in distilled water. A total of 1,000
cc. of solution was given in three and a half to four
hours. Deutsch sometimes found it necessary to give
a second infusion. This treatment is aimed at dila-
tation of the vessels of the choroid plexus and at the
same time supplying a hypotonic solution to enter
into the formation of cerebrospinal fluid.
Krueger, Stoelting and Graf26 used 500 to 1,000 cc.

of 5 per cent dextrose in .45 per cent sodium chloride
to which was added 100 mg. of nicotinic acid, given
intravenously, on the same basis, also with beneficial
results.

Targowla and Lamache,38 in 1927, mentioned the
use of ergotamine in the treatment of spinal punc-
ture headaches. Guttman16 reported the drug gave
complete relief in 82 per cent of patients with post-
puncture headaches. Lennox, von Storch and Solo-
mon,27 however, stated that it was of no value in the
treatment of drainage headache.

True postspinal puncture or drainage headache
can always be greatly relieved and usually com-
pletely eliminated by placing the patient in the hori-
zontal position. This may be quite objectionable to a
patient who has had a spinal anesthetic for a rela-
tively minor surgical procedure and, except for the
headache, has little if any discomfort. Sometimes it
may be helpful to resume the erect position gradually
once the headache has been relieved by assuming
the horizontal position. To do this, the bed can be
turned up in stages, with several minutes or even
hours taken to change from horizontal to completely
erect.

The more intractable postspinal puncture head-
ache should be investigated carefully. A lumbar
puncture should be performed and the pressure of
cerebrospinal fluid determined. Chemical, micro-
scopic and bacteriologic investigations should be
carried out. This is particularly applicable in cases of
persistent headache unaffected by postural changes.
As with experimental drainage headache, post-

spinal puncture headache can always be relieved by
injection of physiologic saline solution to restore the
pressure of the cerebrospinal fluid. To subject a pa-
tient with postspinal puncture headache to another
spinal puncture requires courage both on the part of
the patient and of the physician. Although it would
seem that only transitory relief might be expected
from the restoration of spinal fluid pressure to nor-
mal by the subarachnoid injection of physiologic
saline solution, this relief may be permanent after
a single injection. If it is not, the procedure may be
repeated and the relief may be permanent after the
second or third injection.

Rice and Dabbs35 reported that by peridural in-
jections of saline solution they obtained relief of
postpuncture headache in 21 of 22 patients. They
demonstrated that the epidural injection of saline
solution produced a prompt rise of as much as 100
mm. of pressure in the subarachnoid space. The rise
in cerebrospinal fluid pressure and relief of head-
ache was attributed to a "splinting" effect of the
epidural fluid. From observations in a few cases in
which the authors have used this method it seems to
be very worth while. It has the obvious advantage
over subarachnoid injection of saline solution of not
requiring a second puncturing of the dura.
The use of abdominal binders for the relief of

spinal puncture headache may be helpful particu-
larly if the headache has developed after the use of
spinal anesthesia for delivery.40
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